KANSAS-LOWER REPUBLICAN BASIN TOTAL MAXIMUM DAILY LOAD

Waterbody / Assessment UnitDelaware River Watershed above Perry Lake
Water Quality Impairment: Total Phosphorus

1. INTRODUCTION AND PROBLEM IDENTIFICATION

Subbasin Delaware River

HUC 8:

HUC10 (HUC12):

10270103

CountiesAtchison, Brown, Jackson, Jefferson, Nemaha

01 (01,02, 03, 04, 05, 06, 07, 08, 09,)10

02(01, 02, 03, 04, 05)
03 (01, 02, 03, 04, 05, 06, 08

04 (01,08)

Ecoregion Loess and Glacial Drift Hill§471)

Drainage Area: Approximately741.1square miles

Main Stem Water Quality Limited Segments

Water Quality Limited Segments Covered Under this TMDL (designated uses for main stem
and tributary segments are detailedTiable 1):

Station Main Stem Segment Tributaries
SC554 Delaware R13) Nebo Cr (48)
Catamount Cr (49)
Delaware R'14)
Delaware R15) Little Grasshopper Qt16)
Negro Cr (43)
Delaware R17) Gregg Cr (24)
Muddy Cr (25)
Muddy Cr (26)
Wolfley Cr (27)
Plum Cr (36)
CedarCr (37)
Squaw Cr (38)
Barnes Cr (9)
Delaware R (21)
Delaware R (22)
Delaware R (23)
S03 Grasshopper Qi18) ClearCr (19) Brush Cr (44)

Mission Cr (40)
Otter Cr (41)
GrasshoppeCr (20)



SC604 Elk Cr (29 Unnamed Strear{81)

BannerCr (45)
Bills Cr (47)
Elk Cr (0)
SC686 Straight Cr (28) Spring Cr (42) Mosquito Cr (602)

Table 1.Designated uses for main stem and tributary segments in the watershed (Kansas
Department of Health and Environment, 2013).

Stream Segment| Expected | Contact | Domestic Food Ground | Industrial | Irrigation | Livestock
# Aquatic | Recreation | Supply | Procurement| Water Water Use Watering
Life Recharge Use Use
HUCS8: 10270103
Delaware R 13 E C Y Y Y Y Y Y
Nebo Cr 48 E B Y N Y Y Y Y
Catamount Cr 49 E C N Y Y N Y Y
Delaware R 14 E C Y Y Y Y Y Y
Delaware R 15 E C Y Y Y Y Y Y
Little 16 E b N N Y N Y Y
Grasshopper C
Negro Cr 43 E b N Y Y N Y Y
Delaware R 17 E B Y Y Y Y Y Y
Delaware R 21 E C Y Y Y Y Y Y
Delaware R 22 E B Y Y Y Y Y Y
Delaware R 23 E b Y Y Y Y Y Y
Gregg Cr 24 E C N Y N N N N
Muddy Cr 25 E C Y Y Y Y Y Y
Muddy Cr 26 E b Y Y Y Y Y Y
Wolfley Cr 27 E b Y N Y Y Y Y
Plum Cr 36 E b Y N Y Y Y Y
Cedar Cr 37 E b Y Y Y Y Y Y
Squaw Cr 38 E b N Y N N N N
Barnes Cr 39 E b N N N N N N
Grasshopper 18 E b Y N Y Y Y Y
Cr
Clear Cr 19 E B N N N N N N
Brush Cr 44 E b N N N N N N
Grasshopper C 20 E b Y Y Y Y Y Y
Mission Cr 40 E B Y Y Y Y Y Y
Otter Cr 41 E b N Y Y N Y Y
Elk Cr 29 E C Y Y Y Y Y Y
Unnamed 31 E b Y N Y Y Y Y
Stream
BannerCr 45 E B Y Y Y Y Y Y
Bills Cr 47 E b Y Y Y Y Y Y
Elk Cr 30 E C Y Y Y Y Y Y
Straight Cr 28 E b Y Y Y Y Y Y
Spring Cr 42 E C Y Y Y Y Y Y
Mosquito Cr 602 E C Y N Y Y Y Y




Y=use is designated; N=use is not designated; E=Expected aquatic life; A, B, C=Primary Contact Recreation; a,
b=Secondary Contact Recreation

Impaired Use: Expected Aquatic Life, Contact Recreati®omestic Water Supply.

303(d) Listings Kansas Stream segnts monitored by station S&4 (Figure 1), Delaware
River near Half Moundare cited as impaired by Total Phosphorug (CRt. 5)in 2010, 2012,
2014, 2016 & 201&nd impaired by BiologyCat. 5)in 2012, 2014, 2016 & 2018

Kansas Stream segmemsgnitored by station SQE, GrasshoppeCreek neaMuscotah are
cited as impaired by TRCat. 5)in 2008, 2010, 2012, 2014, 2016 & 2018

Kansas Stream segments monitored by statiorD&E&dk Creek neatarkinburg are cited as
impaired by TRCat. 5) in 2008, 2010, 2012, 2014, 2016 & 208 the KansasLower
RepublicarBasin

Kansas Stream segments monitored by statior86&&raightCreek neatarkinburg are cited
asunimpaired by THor theKansasLower RepublicaBasin

Water Quality Criteria :

Nutrients -- Narrative:

The introduction of plant nutrients into streams, lakes, or wetlands from artificial sources shall be
controlled to prevent the accelerated succession or replacement of aquatic biota or the production
of undesirable quantities &nds of aquatic life (K.A.R. 286-28e()(2)(A)).

The introduction of plant nutrients into surface waters designated for primary or secondary
contact recreational use shall be controlled to prevent the developnudmectfonable
concentrations adlgae or algal byroducts or nuisance growths of submersed, floating, or
emergent aquatic vegetation (K.A.R-28-28ed)(7)(A)).

The introduction of plant nutrient into surface waters designated for domestic water supply use
shall be controlled to premeinterference with the production of drinking water (K.A.R-1Z8

28ed)(3)(D)).

Tasteproducing and odeproducing substances of artificial origin shall not occur in surface
waters at concentrations that interfere with the production of potable hyatenventional

water treatment processes, that impart an unpalatable flavor to edible aquatic or semiaquatic life
or terrestrial wildlife, or that result in noticeable odors in the vicinity of surface waters (K.A.R.
28-16-28e(b)(7)).

Dissolved Oxyger- Numeric:
The concentration of dissolved oxygen in surface waters shall not be lowered by the influence of
artificial sources of pollution. The Dissolved Oxygen criterion is 5 mg/L (K.A.RL&38e(e)).



pH T Numeric: Artificial sources of pollution shaliot cause the pH of any surface water
outside of a zone of initial dilution to be below 6.5 and above 8.5 (K.AR62Z8Be Tables of

Numeric Criteria)

Figure 1. Map of contributing area for KDHE stream chemistry stations SC554, SC603, SC604
and SC686.
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2. CURRENT WATER QUALITY CONDITIONS AND DESIRED ENDPOINT

Level of Support for Designated Uses under the 2018 303(d) Listhosphorus levels in
Delaware River near Half Moun&C554), Grasshopper Creek near Muscof8kC603), andelk
Creek near Larkinbur¢SC604)are consistently high. Excessive nutrients are not being
controlled and are thus impairing aquatic life, domestic water supply, and contact recreation
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uses.The ultimate endpoint of this Total Maximum Daily Load (TMDL) Maé to achieve the
Kansas Surface Water Quality Standards by eliminating excessive primary productivity and
impairment to aquatic life, recreation, and domestic water supply associated with excessive
phosphorus.

Station Location and Period of Record

Stream Chemistry (SC) Monitoring Station

SC554 Active, permanent statioon the DelawareRiver neaHalf Mound located on County
Road Bridge.5 mile west of Half MoundSampled quarterly in theepiod ofrecord
from April 4, 1990 toOctober 222018.

SC603 Active, rotationalstation onGrasshopper Creek near Muscotiaicated orkK-9 Highway
Bridge, 2.5 miles north and 0.25 mile west of Musco&dmpled quarterly every 4
years from the @riod of recordrom Februaryl9, 199 to November 12016.

SC@4: Active, rotational station oklk Creek near Larkinburdocated orK-116 Highway
Bridge, 0.75 mile east of Larkinbur§ampled quarterly every 4 years from tleeipd of
recordfrom March17, 1998 to November 12036.

SC686: Active, rotational statian Straight Creek near Larkinburg, located on County Road
Bridge, 3.0 miles north of Larkinburampled quarterly every 4 years from tleeiqd
of recordfrom January 22199 to November 12016.

Stream BiologySB) Monitoring Stations
SB352:Active station on Delaware Rivet rest stop park at intersection of Highway 36 and
Acorn RoadPeriod ofrecord:August 20 2013to August 3, 2017
SB360 Active Station on the Delaware River orRld6 Highway Bridge, 0.5 mile west of
Arrington. Period of recordJune26, 19% to August 3 2017.
SB407:Active Station on Muddy Creek at County Road Br. 2.75 miles south of GrdPediad
of record:March 25 1990 toOctober 10, 1994
SB408:Active Station on the Delaware River at dead end road 3 miles south and 0.25 mile west
of SabethaPeriod of recordMarch 25, 19920 October 10, 1994

Streamflow Gage
U.S. Geological Survey 088100 DelawareRiver near Muscotah Period of recordianuary 1,
1990to December 31, 2@1

Hydrology:

Streamlow conditionsat SG54, SC603, SC604 and SCB686re analyzed using.S.
Geological Survey (USGSJreamgage datimom DelawareRiver near Muscotalf06890100.
This USGS gage hatreamflow data available for the period of recioodn January 1, 190 to
December 312018. Flow at SC554vasbased on a regression analysis between USGS
06890100 on Delaware River near Muscaalflows for theDelaware Rivein Atchison
County (segmet 10270103138in the USGS Scientific Investigatie Report 20046033 (Perry,
et. al., 2004). A watershed ratio was performed on this regression for flow at the stream
chemistry site. Flow at SC603, SC604, and SG@8& based on a watershed ratio with I$5G
06890100 on the Delaware River near Musc@fatble 2). Figure 2 displays the flow duration
curves for SC554, SC603, SC604, and SC686
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Table 2.Kansas Department of Health and Environn{&RHE) estimatedlbw conditions at
stream chemistry (SG}atiors on theDelaware River near Half Mound (SC554) Grasshopper
Creek near Muscotah (SC603), Elk Creek near Larkinburg (SC604), and Straight Creek near
Larkinburg (SC686andmonitored fow conditionsat U.S. Geological Survef SGS)gages.

Contributing| Mean Percent Flow Exceedance (CFS)

Stream | Staton A[i;irzfngg (FC'I‘;";’) 90% | 75% | 50% | 25% | 10%

DE‘%";‘;’“G gg*s'i 7411 345.9 | 4.74 | 19.08| 61.45| 170.30| 523.30
Gracsrseheokppe Senes 94.3 5170 | 0.97 | 311 | 941 | 250 | 7801
Elk Creek §3§0§ 138.4 75.0 | 1.43 | 4.56 | 13.81| 37.60| 114.60
Sgraeig{(‘t égg% 1254 68.70 | 1.29 | 4.13 | 12.50| 34.00 | 103.80

Di{'f\‘/"(‘e’fre 6;’95(?1%0 431 236.4 | 4.43 | 14.20| 43.00| 117.00| 357.00

Figure 2. Estimated flow duration curve for Kansas Department of Health and Environment
stations Delaware River near Half Mound (SC554) Grasshopper Creek near Muscotah (SC603),
Elk Creek near Larkinburg (SC604), and Straight Creek near Larkinburg (SC686) U.S.
Geolgyical Survey gaged site located in the Delaware River near Muscotah (06890100).
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Long term estimated flows for thgelawareRiver andits tributaries can be found ifable 3

(Perry et. al, 2004). The main tributaries to BletawareRiver areElk Creek, Grasshopper

Creek, and Straight Creek

Table 3.U.S. Geological Survey (USGS) long term estimated flowghiemDelaware River and
its tributariegPerry et.al, 2004 Description: AFAtchison; BR Brown; JA Jackson; JF
Jefferson; NM Nemaha

Stream KSWR County | Drainage| Mean Flow Exceedance (%) 2-year
CUSEGA Area Flow | 90% | 75% | 50% | 25% | 10% Peak
Number (mi?) | (CFS) (CFS)
Plum Cr 102701036 BR 68.6 43.3 | 0.10| 0.86| 5.49 | 19.4 | 59.1 | 4,280
Cedar Cr 102701037 NM 11.0 6.70| 0 |[0.01] 0.31| 1.89| 7.10| 1,140
Squaw Cr 102701038 BR 12.8 955| 0 |[0.01| 0.83| 3.55| 11.5| 1,400
Barnes Cr 102701039 NM 13.3 956 | O |[0.01| 1.09| 400 | 120 | 1,430
Craig Cr 102701024 BR 68.6 43.3 | 0.10| 0.86| 5.49 | 194 | 59.1 | 4,280
Delaware R 102701023 BR 149 89.5 | 0.48]| 3.14| 12.7 | 42.2 | 129 6,550
Barnes Cr 102701039 NM 13.3 956 | O |[0.01| 1.09| 400 | 120 | 1,430
Muddy Cr 102701026 | BR; JA; 42.7 274 10.04|0.24| 3.33| 12.1| 36.4 | 3,170
NM
Muddy Cr 102701025 JA 108 67.0 | 0.25| 1.90| 9.06 | 31.2 | 95.1 | 5,360
Wolfley Cr 102701027 | JA; NM 43.7 29.1 | 0.04|0.37| 3.79 | 13.4| 39.6 | 3,180
Delaware R 102701022 | BR; JA 153 91.7 | 0.51| 3.30| 13.2 | 43.5| 133 6,590
Delaware R 1027010321| AT; JA 280 165 | 2.04| 8.14| 26.8 | 82.7 | 254 9,010
Clear Cr 102701039 AT 25.1 17.6 | 0.01| 0.03| 1.50 | 6.55 | 21.5| 2,080
Brush Cr 102701034 AT 5.56 391 | O 0 0 0.60 | 3.58 867
Grasshopper Cr | 102701020 AT 73.2 48.5 | 0.12| 0.78| 554 | 20.7 | 65.2 | 5,000
Mission Cr 102701030 | AT; BR 12.0 930 | O |[0.01| 0.85| 3.55| 11.3| 1,370
Otter Cr 102701031 AT 33.5 23.6 | 0.02]| 0.05| 245 | 9.63 | 30.2 | 3,520
Grasshopper Cr 1027010318| 106 68.5 0.24 | 1.61| 8.30| 30.0 | 94.6 | 5,950 106
Little Grasshopper C| 102701036 AT 45.4 325 |0.04|0.34| 3.95| 146 | 442 | 3,280
Negro Cr 102701033 | AT; JA 23.9 17.0 | 0.01| 0.03| 1.67 | 6.72 | 21.2 | 2,040
Delaware R 1027010317 AT 388 229 | 4.18|13.2| 395 | 117 | 361 | 11,400
Delaware R 102701035 AT 470 280 | 6.20( 18.0| 51.0 | 146 | 450 | 12,500
Mosquito Cr 1027010802 | JA; NM 18.0 142 | 0 0 1.79 | 6.47 | 189 | 1,680
Spring Cr 102701032 JA 58.1 40.3 | 0.01| 0.77| 551 | 19.4 | 56.7 | 2,680
Straight Cr 1027010328| JA; NM 28.4 21.1| O 0 249 | 9.32 | 279 | 2,240
Elk Cr 1027010330 JA 49.4 342 | 0 |041| 422 | 155 | 46.5| 4,460
Unnamed Stream | 102701031 JA 4.50 3.59 0 0 0.19 | 0.99 | 3.80 786
Bills Cr 102701037 JA 20.8 156 | O 0 1.61 | 6.38 | 19.7 | 1,730
Elk Cr 102701029 JA 101 65.1 | 0.02| 1.44| 830 | 29.9| 91.0| 6,070
Delaware R 102701034 AT 587 308 | 6.14| 18.0| 54.4 | 157 | 485 12,100
Nebo Cr 1027010348| AT; JA 15.4 11.7 0 0 112 | 458 | 14.4 1,600
Catamount Cr 1027010349| AT; JF 12.3 982 | O 0 119 | 420 | 124 | 1,430
Delaware R 102701033 | AT; JF 761 28 |6.03|17.8| 59.1 | 171 | 536 | 11,000




Annual mean flows at all gages are higher than median flowsthathighest meafhows
occurring in 199&ndhighest mediaflows occurring in 2008Figures 3-6). The lowest annual
meanand mediarflows for all gages occurreitd 2003. Annual flows generally coincide with
National Oceanic and Atmospheric Administration (NOAA) annual total precipitation from
Holton stationUSC00143759though it does not tend to coincide with peak annual flows,
possibly due to variability in rainfall iatsityacross the watersheddonthly, the highesmean
and median flows occurred in May for all gagemy(res 7-10). Seasonally, high flows occur in
spring (April through June) and low flows occur in winter (November through NeBphing
flows are skewd by high flow events, likely due to precipitation and runoff events, and coincide
with the higher mean flows in May. The mean during the sunriafleseason is higher than the
winter season, indicating isolated, seasonal runoff events are likely ocaartivegwatershed.
(Figure 11).

Figure 3. Estimated annual mean and median flows for the Delaware River near Half Mound
(SC554) based upon U.S. Geological Survey gaged site located in the Delaware River near
Muscotah 06890100 and annual totgdrecipitation at National Oceanic and Atmospheric
Administration station in Holton, KSXSC00143750
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Figure 4. Estimated annual mean and median flows for Grasshopper Creek near Muscotah
(SC603) based upon U.S. Geological Survey gaged site locatieel Delaware River near
Muscotah 06890100 and annual total precipitation at National Oceanic and Atmospheric
Administration station in Holton, KSXSC00143750

Annual Mean and Median Flow at SC603 and
Precipitation at Holton, KS

180 60
160
140

—~ 120
100
80
6
4

50

Flow (cfs

o
N

0

o
[EnY

0

.1{\"I"m\,..l""nn‘hl

20

0
Od AN MNMILULOMN~NVDNDO ANMNMTLLLONNDVDDNDO AdNMSL O~
DO DO OO0 O0O0O0O00O0O0 o o dod o o o oo
DO DO 0000000000000 O00O0 0O
A A A A A A A A A NN ANNNNNNNNNNNNNNNNAN

o

[ Precipitation e====Mean == Median

Figure 5. Estimated annual mean and median flows for Elk Creek near Larkinburg (SC604)
based upon U.S. Geological Survey gaged site located in the Delaware River near Muscotah
(06890100 and annual total precipitation at National Oceanic and Atmospheric Administration
station in Holton, KSWYSC0014375%
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Figure 6. Estimated annual mean and median flows for Straight Creek near Larkinburg (SC686)
based upon U.S. Geological Survey gaged site located in the Delaware River near Muscotah
(06890100 and annual total precipitation at National Oceanic and Atmospheric Astraiion

station in Holton, KSWYSC0014375%
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Figure 7. Estimated monthly mean and median flows for the Delaware River near Half Mound
(SC554) from 1/1/19902/31/2018.
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Figure 8. Estimated monthly mean and median flows for Grasshopper Creek near Muscotah
(SC603) from 1/1/19902/31/2018.
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Figure 9. Estimated monthly mean and median flows for Elk Creek near Larkinburg (SC604)
from 1/1/199012/31/2018.

Monthly Mean and Median Flow at SC604

Flow (cfs)
[ s
N iy (o)) (0] o N
o o o o o o o
.
|
|
I
.
I
I
I
%y,
-
]
|
|
||
I
|
I
|

N e < < < < <
& & &S & T v >
Q < I ¥ S S <O N N
2 ° e Q@ oS OQQJ ?}g,
® Mean = Median 32 = Q

11



Figure 10.Estimated montly mean and median flows for Straight Creek near Larkinburg
(SC604) from 1/1/19902/31/2018.
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Figure 11. Flow by season for Delaware River near Half Mound (SC554) Grasshopper Creek
near Muscotah (SC603), Elk Creek near Larkinburg (SC604), and Straight Creek near
Larkinburg (SC686).
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Total Phosphorus

Overall,meantotal phosphorus (TP) concentrations aghbstin the Delaware Riveait SC554
with a concentration of 811 mg/L (Figure 12; Table 5. The highest median TP concentration
is in Elk Creekat SG504 with a concentration of 0.240 mg/LP concentrationare lower in
Grasshopper Creek (SC608)th mean and median concentrations 0206and0.217 mg/L,
respectivelyThe Straight CreeKS(G686) station, while considered unimpaired for T$a
monitored station within the watershed dhdreforejt is considered in this analysis for
comparison purpose$otal phosphorus concentrations are lovireStraight CreeKSC686),

with a mean concentration o288 mg/L and a median concentration o£80mg/L. This

TMDL will serve to protect the Straight &k watershetly establishing a TP endpoint
equivalent to the current median concentration in the strféRmoncentrations seen at upstream
stations SC603, SC604, and SC686 are primary contributors ltmatteanctoncentrations seen
at SC554.

Figure 12 Total phosphorus for the Delaware River (SC554), Grasshopper Creek (SEIR03),
Creek (SC604), and Straight Creek (SC686).
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Table 5.Total phosphorus mean, median, and sample number (N) in the Delaware River
Watershed above Perry Lake, MarHL 990 toOctober 22, 2018

Station Stream Sampling Frequency | Mean | Median | N
SC554 Delaware River near Half Moung Permanent 0.311|0.215 [172
SC603 Grasshopper Creek near Musco] Rotational 0.276 | 0.217 |120
S04 Elk Creek near Larkinburg Rotational 0.299 ] 0.240 |43
SC686 Straight Creek near Larkinburg | Rotational 0.238 | 0.180 |37
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For the Delaware River (SC554) the high annual noeé@n978 mg/Loccurred in 1999 and the
high annual mediaaf 0.498 mg/Loccurredn 2008. Grasshopper Creek (SC663)ordedts
high annual mean and medieoncentrationn 1992with 0.447 mg/L and 0.395 mg/L,
respectively. Elk Credgk §SC604) highest annual mean and med@mcentratioroccurredn
1993with 0.538 mg/L and 0.425 mg/L, respectivdly.2008,Straight CreeKSC686) recordeca
high annual median TP concentration Xt mg/L and a high annual mean of 0.457 mgis
Table 6shows, Igher TP mean and median concentrations generally ocalurady thel990-
1999period of recordat all stationsexceptfor the unimpaired station i&traight Creek (SC686).
Low annual TP mean and median concentratgarserally coincide with the followinglow
flow years 2004 for the Delaware RivgiISC554), with a mean of @68 mg/L and median of
0.147mg/L; 2000 at Grasshoper CreekSGC503), with a mean of @98 mg/L and median of
0.165mg/L; 2012 in ElIk Creek(SC604), with a mean of @70mg/L and a median of 074
mg/L; and2004 in Straight CreekSG686), with a mean of A28 mg/L and a median of D04
mg/L.

Table 6. Annualtotal phosphorumean and mediatbncentratioain the Delaware River
Watershed above Perry Lake, March 4, 1990 to October 22, Zall&s with no data are
denoted with & symbol.

SC554 SC603 SC604 SC686
Year Delaware R Grasshopper Cr Elk Cr Straight Cr
Mean Median| N | Mean| Median| N | Mean| Median| N | Mean| Median
1990 0.660 0210 | 5 - - - - - - - -
1991 0.259 0250 | 6 - - - - - - - -
1992 0.418 0290 | 5 |0.447| 0.395 | 6 - - - - -
1993 0.352 0.255 | 6 - - - | 0.538| 0.425 | 6
1994 0.273 0.190 | 12 - - - - - - - -
1995 0.434 0.221 | 8 - - - - - - - -
1996 0.235 0.240 | 7 |0.248| 0.200 | 31 - - - - -
1997 0.234 0.233 | 6 |0.273| 0.217 | 25| 0.255| 0.250 | 7 | 0.176| 0.175
1998 0.289 0.240 | 5 | 0.271| 0.210 | 29 - - - - -
1999 0.978 0175 | 6 - - - - - - - -
2000 0.175 0.195 | 6 |0.198| 0.165 | 6 - - - - -
2001 0.241 0240 | 5 - - - 1 0.256| 0.243 | 7 | 0.262| 0.239
2002 0.237 0.228 | 6 - - - - - - -
2003 0.179 0.168 | 8 - - - - - - - -
2004 0.168 0.147 | 7 |0.258| 0.270 | 6 | 0.291| 0.230 | 7 | 0.128| 0.104
2005 0.226 0.218 | 6 - - - - - -
2006 0.179 0.188 | 7 - - - - - - - -
2007 0.337 0.347 | 7 - - - - - - - -
2008 0.387 0.498 | 5 | 0.353| 0.294 | 8 | 0.336| 0.315 | 7 | 0.457| 0.314
2009 0.335 0.266 | 7 - - - - - - -
2010 0.203 0.207 | 5 - - - - - - - -
2011 0.239 0.204 | 5 - - - - - - - -
2012 0.220 0.149 | 6 |0.289| 0.274 | 4 | 0.170| 0.174 | 5 | 0.183| 0.133
2013 0.523 0345 | 5 - - - - - - -
2014 0.426 0270 | 5 - - - - - - - -




SC554 SC603 SC604 SC686

Year Delaware R Grasshopper Cr Elk Cr Straight Cr
Mean Median| N | Mean| Median| N | Mean| Median| N | Mean| Median| N
2015 0.175 0.155 | 4 - - - - - - - - -
2016 0.250 0.245 | 4 |0.264| 0270 | 5 | 0.208| 0.205 | 4 | 0.222]| 0.190 | 5
2017 0.247 0.250 | 4 - - - - - - - - -
2018 0.220 0.215 | 4 - - - - - - - - -
19901999 0.413 0.237 | 66 | 0.310| 0.214 | 91| 0.397| 0.338 | 13| 0.176| 0.175 | 7
20002018 0.261 0.218 | 106| 0.272| 0.270 | 29| 0.252| 0.230 | 30| 0.250| 0.190 | 30

In general, TP concentrations in thelaware River Watershed above Perry Lakehigher
during high flow conditions (@5%;Figure 13). For examplethe Delaware RivefSC%4) has
mean and median TP concentration9.6081 and 0.386ng/L, respectively, during high flow
conditions Table 7). These concentrations areuchlower during low flow conditions (76
100%), declining to a mean and median dbJd.and 0154 mg/L, respectivelyGrasshopper
Creek(S(603), Elk Creek (SC604), and Straight Creek (SC686@xdlibit a similampattern as
the Delaware Rive(SC34). All four stations have their highest mean and median TP
concentrations during higher flow conditiokigher TP concentrations during high flow
conditions displayed at these statioaseindicative of nonpoint source runafffluencing TP
concentrations during precipitation events

Figure 13. Total phosphorus by flow condition for Delaware River near Half Mound (SC554)
Grasshopper Creek near Muscotah (SC603), Elk Creek near Larkinburg (SC604), and Straight
Creek near Larkinburg (SC686).
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Table 7. Total phosphorus concentration mearedian, and number of samples (N) by season
(spring: April through June, summgll: July through October, winter: November through

March), flow range, and station in tBelawareRiver Watershed above Perry Lake

Flow Spring Summer-Fall Winter All
Exceedanc _ . . .
(%) Mean| Median | N | Mean| Median| N | Mean| Median| N | Mean| Median| N
Delaware Rive(SC54)
0-25 0.685| 0.380 | 24| 0.603| 0.459 |12]0.392| 0.277 |12]|0.591| 0.381 | 48
26-50 0.267| 0.266 | 16| 0.267| 0.260 | 5 [0.178] 0.170 | 13| 0.233]| 0.221 | 34
51-75 0.325| 0.245 | 8 | 0.223| 0.207 |21|0.156| 0.140 |21|0.211| 0.191 | 50
76-100 | 0.260| 0.260 | 1 |0.187| 0.179 |24|0.129| 0.121 |15|0.167| 0.154 | 40
0-100 0.481] 0.299 |49]0.286| 0.241 | 62|0.200] 0.157 |61]0.311] 0.215 | 172
Grasshopper CreefS(603
0-25 0.394| 0.331 |16|0.441| 0.383 |10|0.279] 0.210 |17]0.359| 0.300 | 43
26-50 0.310] 0.280 |12]0.243| 0.230 | 5 ]0.171] 0.175 |13]0.238| 0.201 | 30
51-75 0.225| 0.225 | 2 | 0.241| 0.220 |19]0.181] 0.160 | 9 | 0.222| 0.205 | 30
76-100 |0.320| 0.320 | 1 | 0.200{ 0.198 |[12|0.279| 0.275 | 4 | 0.226| 0.215 | 17
0-100 0.348]| 0.300 | 31]0.274| 0.230 | 46| 0.226] 0.181 |43|0.276] 0.217 | 120
Elk Creek(SG504)
0-25 0.402| 0.240 | 4 | 0.679| 0.610 | 5 ]0.138] 0.122 | 3 |0.452| 0.277 | 12
26-50 0.223] 0.216 | 3 |0.213| 0.213 | 2 | 0.204| 0.174 | 9 [ 0.210| 0.182 | 14
51-75 0.285| 0.285 | 1 |0.233| 0.240 | 6 | 0.284| 0.281 | 3 | 0.253| 0.268 | 10
76-100 - - - 10.110] 0.114 | 3 |0.414| 0.338 | 4 | 0.284| 0.144 | 7
0-100 0.320] 0.240 | 8 | 0.347| 0.247 |16]0.250| 0.182 | 19| 0.299| 0.240 | 43
Straight Creek (SC686)
0-25 0.423] 0.310 | 3 |0.705| 0.705 | 2 | 0.212] 0.170 | 3 |0.414| 0.308 | 8
26-50 0.298| 0.270 | 3 | 0.215| 0.186 | 3 | 0.162] 0.168 | 6 | 0.210| 0.184 | 12
51-75 0.166| 0.166 | 1 |0.199| 0.197 | 5 ]0.132] 0.132 | 2 |0.178] 0.177 | 8
76-100 - - - 10.110] 0.110 | 3 |0.305| 0.126 | 6 | 0.172] 0.110 | 9
0-100 0.333] 0.270 | 7 | 0.260| 0.186 |13]0.182] 0.160 |17]0.238| 0.180 | 37

Definition: T - no data

Seasonally, spring and sumnfal havegreater TP means and medians than winter for all

stations (Table 7; Figure 14). The Delaware RivefSC5%4), Grasshopper CredEC603), and

Straight Creek (SC68@ave TP concentrations that decline from spring to wimtbile Elk
Creek (SC604) hassdightly higher TP concentration in the sumrAt seasorthan in the
spring This higher summeall concentration could be attributed to double the number of

samples taken in the sumnfall than in the spring for this statiohhe seasons of spring and

summetfall typically have more precipitation and runoff events, which elevate TP
concentrations due to nonpoint sources of TP loading.
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Figure 14.Total phosphorus by season for Delaware River near Half Mound (SC554)
Grasshopper Creek near Muscotah§88), Elk Creek near Larkinburg (SC604), and Straight
Creek near Larkinburg (SC686).
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Figures 1518 display single sample TP concentrations by flow condition and season. In general,
the influence of nonpoint sourkean be seen iMP concentrationat all stationsn the Delaware

River Watershed above Perry Lakigher TP concentrations during higher flawd lower TP

during lower flowconditionsis indicative of nonpoint sourdeading to the watershexzhdcan

be seernn theDelaware River (SC554ndin Grasshopper Creek (SC60B)k Creek (SC604)

and Straight Creek (SC68bavesmaller datasets and are not locatethestream segment

where the USGS gage used to derive flows is loc#tedefore data points that plot up outside of
the general gitern are likely the result of differing climate conditions in these subwatersheds
(Figure 17 and 18.
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Figure 15. Total phosphorus by percent flow exceedance and season for the Delaware River near
Half Mound (SC554).
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Figure 16. Total phosphorus by percent flow exceedance and season for Grasshopper Creek near
Muscotah (SC603).
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Figure 17.Total phosphorus by percent flow exceedance and season for Elk Creek near

Larkinburg (SC604).
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Figure 18.Total phosphorus by percenv# exceedance and season for Straight Creek near

Larkinburg (SC686).
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To further assess TP load sources fodk&aware River Watershed above Perry Lakenass

balance was estimated based upon mean TP concentrations and streamflow for each watershed
(Perry, 2004Table 8). The total load is accumulative and reflects the total TP load at each
station. The total load by watershed is incremental and reflects the total TP load contributed
within each watershed. The mass balance calculation suggegt®%haf the load reaching the
Delaware River near Half Moun&C54) originatesrom the tributaries and main stem

segments attached to that stati@df the remaining7% of TP load, theemaining 3 stream

chemistry stationsn tributariecontribute 16, 18, and 23% of the watersheds teadectively

Table 8.Estimated mass balance for total phosphorus loads basedgpoage area andean
streamflow (Perry, 2004) for tHeelaware River above Perry Lake

. Total Total Percent

Drainage| Mean | Mean Total Phosphorud Phosphorug  of

Station Area | Flow | Phosphorug Lor; d 7 Load by | Total

(mi?) (cfs) (mg/L) Ibs/day) Watershed| Load

(bsfday) | “ns/day) | (o)
Grasshopper Creek near Muscotah (SC6 106 68.5 0.276 102.09 102.09 18
Elk Creek near Larkinburg (SC604) 134 83.6 0.299 134.98 134.98 23
Straight Creek near Larkinburg (SC686) 113 73.4 0.238 94.33 94.33 16
Delaware River near Half Mound (SC554] 761 347 0.311 582.75 251.35 43
Total 761 347 0.311 582.75 582.75 100

Total Phosphorus and Water QualityParameters

Total phosphorus has weadbktablished and defined relationships with orthophosphate (OP) and
total suspended solids (TSS). These relationships are examined further to delineate potential
sources of TP loading.

Orthophosphate

The solublegoortion of TP that is readily available for biological use is OP. It is commonly found
in higher concentrations in the discharge of municipal wastewater treatment plants (WWTPs
and can therefore be indicative of point source contributions of phosphatnsamsas well as

an indication of runoff from livestock operations, instream livestock watering, and failing septic
systems in the watershe@dnly samples measuring above the reporting limit are included in the
analysis presented whidikely overestimgestrue OP concentration meameporting limits for

OP have changed throughout the period of reco€d: fg/L from 19951996, 0.02 mg/L from

1997 to February 2002, and 0.25 mg/L from March 2002 to 2Uh4.Delaware Rive{SC554)

has a total 081 OP mncentrations greater than the reporting lir@itasshopper Creek (SC603)
has a total of 41, Elk Creek (SC604) has a total of 13, and Straight Creek (SC686) has a total of
10.Overall,25% of all samples had OP concentrations greater than the reportindHigure

19).
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Figure 19.Orthophosphate samples measuring greater than the reporting limit Delaware River
near Half Mound (SC554) Grasshopper Creek near Muscotah (SC603), Elk Creek near
Larkinburg (SC604), and Straight Creek near Larkinburg (SC686).
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Total Suspended Solids

There is a strong relationship between TP and TSS concentrations when point source
contributions are minimized and nonpoint source loading domirRi@sphorus is typically
linked to sediment oF SS kecause of the propensity thiose solids to adsorb phosphorus
Figure 20-23 display the relationship between TP and TSShé&Delaware River (SC554),
Grasshopper Creek (SC603), and Straight Creek (SA&s% Jevels show positively
correlatedrelationship betweemP and TSSEIk Creek (SC604) displays a positively correlated
relationship, where concentrations above 0.5 mg/L weaken the relatiohisege positive
correlations indicate that point sources are not influencing the TP concentrations at these
stations.
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Figure 20. Total phosphorus versus total suspended solids for the Delaware River near Half

Mound (SC554).
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Figure 21.Total phosphorus versus total suspended solids for Grasshopper Creek near Muscotah

(SC603).
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Figure 22.Total phosphorus versus absuspended solids for Elk Creek near Larkinburg

(SC604).
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Figure 23.Total phosphorus versus total suspended solids for Straight Creek near Larkinburg

(SC686).
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Total Phosphorusand Biological Indicators

The narrative criteria of the Kansas Surface Water Quality Standards are based on conditions of
the prevailing biological community. Excessive primary productivity may be indicated by
extreme shifts in dissolved oxygen (DO), dissolved oxygen saturatiorsé&R@ation), and pH as

the chemical reactions of photosynthesis and respiration alter the ambient levels of oxygen and
acid-base balance of the stream. These extreme shifts, in turn, can result in undesirable regime
shifts in thealgal biomass anbliological community within the stream.

Dissolved Oxygen

In the Delaware River Watershed above Perry Lakeanoplegestedbelow the water quality
criterion of 5 mg/L(Figures 24-27). Dissolved oxygen and temperature are inversely refated
theDelaware River (SC554), Grasshopper Creek (SC&B)Creek (SC604)and Straight

Creek (SC686)This relationship is stronger in tielaware River (SC554ndin Grasshopper
Creek (SC603)The relationship between DO and Temperatumgesponds to seasal changes
andis expected because oxygen becomes less soluble in water as temperatureqTiadrkease

9). Additionally, DO exhibits a diel trend due to daily fluctuations in photosynthetic activity.
The presented data captures this daily varialblityed upon whether a sample was collected in
the morning 8:00am to 12:00 pm) or afternoo®Z:00to 19:(0 pm); morning samples tend to
have lower DO concentrations and afternoon samples tend to have higher DO concentrations.

Figures 24 and 2&learly digplay this pattern inhte Delaware River (SC554ndin
Grasshopper Creek (SC603)

Figure 24.Dissolved oxygen by date and dissolved oxygen versus tempéi@ttine Delaware
River near Half Mound (SC554).
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Figure 25.Dissolved oxygen by date and dissolved oxygen versus tempd@t@easshopper

Creek near Muscotah (SC603).
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Figure 26.Dissolved oxygen by date and dissolved oxygen versus tempéi@tilid Creek

near Larkinburg (SC604).
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Figure 27.Dissolved oxyge by date and dissolved oxygen versus temperébuargtraight
Creek near Larkinburg (SC686).

Table 9. Mean temperature, dissolved oxygen, and dissolved oxygen saturation, as well as
median pH, by seasdor the Delaware River Watershed above Perry Lake.

Station |  Spring | SummesFall|  Winter | All Seasons
Temperature (°C)
Delaware River (SC554) 19.2 21.1 4.9 14.9
Grasshopper Creek (SC60 17.4 20.7 3.9 13.8
Elk Creek (SC604) 19.5 20.5 4.7 13.4
Straight Creek (SC686) 19.7 21.2 7.0 14.4
Dissolved Oxygefmg/L
Delaware River (SC554) 8.8 8.6 12.3 10.0
Grasshopper Creek (SC60 9.2 8.0 13.4 10.2
Elk Creek (SC604) 8.7 8.1 12.7 10.2
Straight Creek (SC686) 8.9 8.8 11.9 10.2
Dissolved Oxygen Saturation (%)
Delaware River (SC554) 91.7 95.3 94.7 94.1
Grasshopper Creek (SC60 94.0 88.5 101.2 94.5
Elk Creek (SC604) 93.9 89.5 97.6 93.9
Straight Creek (SC686) 96.5 97.5 96.3 96.8
pH
Delaware River (SC554) 7.9 7.9 7.9 7.9
Grasshopper Creek (SC60 8.0 8.0 8.0 8.0
Elk Creek (SC604) 8.0 7.9 8.0 8.0
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